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U- SHAPED RADI ANT CO L Field of the The present invention rel ates
to a fired heater for heating proc gwmmmﬂ“ mml e. g , process heat ers.
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i nvention are particularly well suited and advantageous for 10 pyrolysis
of normally liquid or normally gaseous aromatic and/ or aI i phat i C

hydr ocar bon % t
p?/voduce et hyf:ene ang ot her ﬁﬁw ﬁn@gN W ¢g\, S a?afw ene, propy edne °
e

but adi ene, etc. Accordingly, the ntion will be described and
expl ai ned d.n the context. of hydrocarbon pyrolysis, particularly steam
cracki ng Eﬂiﬂ&ﬁkﬂ&% ene. Background of the | nvention

St eam cr acki ng | s the predom nant ormerC| al net hod duci ng- |ight

ol efins such as "tﬁ Ryessnt, inyeppon & tﬁﬁdobatiy&ﬂehﬁatelﬁtf%ylrgﬁ?g'”gppﬁg‘ﬁséne and
out adi gne @ hagl pﬂét{hasteﬁtoq\h SHLGRL a“?tefélét'ésttﬁea fréy hesterdt of 20

hi gh vol une pdly ortant em cal

i nt er medi atheaypé' hrmdlermmbrtsys athleast bﬁelredtantlsélcﬁqn i wdhclpepmmsseﬁmdal sis
expected to continue to grow in the foreseeable future. t he products

pr oduced :ﬂ@%ﬂ@aﬂhf@lﬂ%kﬁ-‘ggs thergine ife indisedtiye h@?@?ﬂbsprﬁéf?&% byngadiant; he
25
cetect i vi t§nesny BFATREH By HARBHL| THe, mEtods b AobRats Ubel IR 26CStdart

thermal  with the present invention are particularly well suited and advantageous for

10  pyrolysis of normally liquid or normally gaseous aromatic and/or aliphatic
hydrocarbon feedstocks such as ethane, propane, naphtha or gas oil to
produce ethylene and other by products such as acetylene, propylene,
butadiene, etc. Accordingly, the present invention will be described and
explained in the context of hydrocarbon pyrolysis, particularly steam cracking

15 to produce ethylene.

Background of the Invention

Steam-cracking is the predominant commercial method for producing-
fight olefins such as ethylene, propylene and butadiene. Ethylene, propylene,
and butadiene are basic building block chemicals used in the manufacture of

20 high volume polymeric materials and commercially important chemical
intermediates. The demand for these basic building block petrochemicals is
expected to continue to grow in the foreseeable future. Of the products
produced in steam cracking, ethylene has the highest demand, and is the
most costly to separate and purify. Therefore improving the yield or

25 selectivity of ethylene is highly desired. Steam cracking involves a thermal
cracking reaction typically carried out in a fired tubular reactor. Reactor
selectivity to ethylene is favored by short residence time and low hydrocarbon
partial pressures. Hydrocarbon feeds ranging from ethane to vacuum gas-oil

“are used, and the reaction is conducted in the presence of dilution steam.
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cracki ng reac®ion typically carried out in a fired tubular reactor. React or -
selectivity to ethylene is favored by short residence time and | ow
hydr ocar bon partlal pressures. Hydrocarbon feeds ranging fromethane to

vaguum g e used, and the reaction is conducted in e of
diluti ona‘?P%g 6872 WO 98/ 56872PCT/ US98/ 11902 -2- The conpl ﬁ@gﬁwzs and

the tubul ar reactor are extensively discussed in both public domain
literature and numerous patents. St eam cracki ng of hydrocarbons has
typically been effected by supplying te feedstock in vaporized or
substantially vaporized form in 5 adm xture with substantial amounts of

diluti t gbl
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surface arhaat Mévesshastdbimg e egutanthdd thy desppedcéacfionaempeatature tand,
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effect the desired reaction.

Of primary concern in all steam cracking process configurations is the

formation of coke. When hydrocarbon feedstocks are subjected to the

15 heating conditions prevalent in a steam cracking furnace, coke deposits tend
to form on the inner walls of the tubular members forming the cracking coils.
Such coke deposits interfere with heat flow through the tube walls into the
stream of reactants, which results in higher tube metal temperatures,
ultimately reaching the limits of the tube metallurgy. Additionally, the coke

20 deposits interfere with the flow of the reaction mixture resuiting in higher

pressure drop, due to reduced tube cross sectional area.

The optimum way of improving selectivity to ethylene was found to be
by reducing coil volume while maintaining the heat transfer surface area.
This has been accomplished by replacing large diameter, serpentine coils
25 with a multiplicity of smaller diameter tubes having a greater surface-to-
volume ratio than the large diameter tubes. The tubes typically have inside
diameters up to about 7.6 cm (3 inches), generally from about 3.0 cm to 6.4

cm (1.2 to 2.5 inches).



25 with a multiplicity of smaller diameter tubes having a greater
surface-to- volune ratio than the | arge dianeter tubes. The tubes typically
have inside dianeters up to about 7.6 cm (3 inches), generally from about

3.0 cmto 6.4 cm (1.2 to 2.5 inches). -3- The desire
resi dence¥PPHe®"has led to the use of shorter coils, typi caI{CqI(%S;gg}t?LJsozbei ng

progressively reduced over the years fromover 45 m (150 ft.) to 20m- 27m
(60-90 ft.) and nore recently 9m- 12m (30-40 ft). As coils have been
reduced in length, it has been necessaBy to reduce the tube 5 dianeter in
an effort to reduce the heat flux and hence the tube netal tenperatures.

Current cracking coils are generally constructed from hi | Loy (.25% Cr,
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20 erosion/spalling and gasification. Regardless of the decoking technique that

is used some of the spalled coke is in the form of large particles. As tube

diameters have decreased the likelihood of large coke particles plugging the

coil before or during decoking have increased. Decoking typically takes from

12 -48 hours, depending on a variety of factors including: the furnace design,

25 the feed that was cracked, the operating time before the decoke, and the

cracking severity employed.

Technology to reduce tube metal temperatures (and hence coking
rates, or alternatively to allow a shorter residence time coil to be used) has

been widely sought by the industry. Some designers have resorted to



10 However, as velocities increase, pressure drop increases, increasing
the coil average hydrocarbon partial pressure. Eventually the pressure
effect overrides the effect of reduced residence time, and further

i ngreasesg,,/ city reduce reactor selectivity to ethyle i/

repr esenﬁystS/grgsk?wm practical value to U 150Cverall area ?%\')rluﬁgéﬁlgoez

i ncreased by using nultiple small dianeter tubes. This trend has been
pursued by the industry, resulting in reactors with tubes of inside
diameter 2.5 cm- 3.8 cm (1.0 - 1.5 ingh). This represents a m ni num
practical diameter due to manufacturing |imtations, and bel ow t hese

di aneters the effects of coke huild-up inside th e beco si ve.
20The gendpulfipier infgtileg coils t?rfﬁg'é%%ﬂfﬁgﬁ?ﬁtté?’hap %&lre%g@éesa&eg"t% ?‘fr(r%&%ve heat
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i s difficudke ihipareintidel taetube biysaddind echatifconcentoations okspedifiaaiements o
reduce the 25 tube netal tenperatures in steam cracking furnaces has been
proposed it theveactpriggd.eti es. One exanple (US 4, 342, 242) uses a specially

designed longitudinal insert in an otherw se circul ar tube cross section.
The inSert has Heatettansferbtathanbigblyt wadathermia cracking eactiomnmal B8nt act

the interior of the coil. In.this particular, di oSy he j S
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or fins wh C%H‘g%waﬁce ﬁ%tblﬁr?g?S% égg)g.e tiéli nt er nal profillge was snooth to
avoi d st r eipgrezeacEnandthente mulice the required kdn empeTature slifferenee) thves
described in this disclosure made 4 passes 5 through tt}@ikg di antrat%?eCti on

and had a resiugingyvdube | metpl tersperalyre( r79 iGHER) PrRCESHe

Variatjons of this o i I e i d; i bl &ihave
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10 Steam Reforners and Steam Crackers" by T.A  Wells,, gr esented at .fhe 1988
Al ChE Spri rigesude @ffect vEdervueed Residencaatime, ansLfutherdnciggsen 18-Mi0C%ogs)

di scl oses the use of a t .of, e d ipie f : i i~af Ngl e
fube pass LI eaRtRy TN dgcebyeRg sCls s it 5 AER, bl ol 47,
literature,gebanence for this design , denom nated SRT V (Energy Progress
Vol. 8, No. 15 3, p. 160-168 , Sept. 1988) have utilized internal extended

surfaces 1n Dot ighal [é?%;k@ﬁnﬁﬁwmé\é‘séao g miNGgle/Bmaaiathetsr t ubes

of approximately .0 - 1.5 inch) inside dianmeter and where
the tube segdsorThisaterithas beenqumsiest bythe iradustriyaressitingoin feastorswdth only a

singl e pass through _ the furnace_ radianf section, Another literatu

reference tuhgscobinsige diametsr s £mo %%r%'ég%-'o bQ%H\ﬁtha E‘."Ss?em,e'?grﬁn R
Brewer and Golin P - friARFnSRstidhe, bAkitaak thess i ng i n
O | ando, FIT?BIH&@P %%@%ﬁb?ﬁ@ggﬁﬁéag%g orﬁgtubes wth internal fins on
the inlet |gpsmetBhéshe effectersfeokpduildalreinsidedhetube bécamesi excesaivehe out | et
| eg woul d be beneficial, however it provides no suggestion as to what

operathpg or desp qRABAITESMIcHpIMOsE fhchasing internal surface area to improve

heat transfer is well known in the general heat transfer art. However,

applying this principle to very high temperature coking services like steam

cracking is difficult.

Nevertheless, this method of improving heat transfer to reduce the

25 tube metal temperatures in steam cracking furnaces has been proposed in
several varieties. One example (US 4,342,242) uses a specially designed
longitudinal insert in an otherwise circular tube cross section. The insert has

a central body and outwardly extending vanes which contact the interior of the

coil. In this particular disclosure the insert is positioned in only a portion of



25 required to successfully denonstrate or enable the use of fins on t he
outlet |eg. However, an extended internal surface design to this
time, has not been shown to be feasible in tw pass coils typically made up

of ,U shaped tubes. These two pass coils are typically 15m - = 90
ft7) in PEOR0 o5 sesyarch US98 11605 < 6. length, with P/ Gdaions

dianeters in the range 3.8 cm- 6.4 cm (1.5 - 2.5 inch). Two pass coils can
be as short as 13m (40ft). One problemis that the capability to make an

internally finned tube | ong enough to-bermthe conplete U shaped tube does
not exist. 5An internally finned tube could be used just for the inlet half

f the U sh d tubes, e bed in EP.O 305 79 ' | ot I
Fins. st uiRe Brerliduputar aail e FBos Anaticexariiie Ca JRecrasi iizes' o™
out L et.  ThiSnidil,CratiteiedlcASAASESor iRl WARA' BRnhRGAURE insidehareait | Phe t ube

woul d be expected to act as nucleus tor the gromh of the coke forned
during pyifkpsdl s préfile Hovasy esmobtre ol ghvaid  strbss meonderteatiomsatandesflaye cur

near the outlet end, so the advant ageou,s ef f ect 8,1‘ H%e finngd,tube is not
appl i ed t distuehances. hersreciiedap dagyiBat i PiedisElosHEe FPBRES out | et

app i ed t St ' _ IR i _
1 om e pjouieh 5t SR pRd 1B o feaRiel Righ 7520 Xm0 T oF The-

finned seghdige didrhetdrl y, the 15 industry conventional w sdom suggested t hat
a bent finned tube section would be prone to plugging with coke spalled

fromthe inlet \ghinsidiahEOidunded interhl ¢HielPbr fiBed fetyd petsfile tiaeaci es i n
heat transfer in steam cracking furnaces there is a need for a neans to

i n(l; rease ]ttmerhapplietd aosfrmrciaﬂytihesne!zﬁme?]ibﬂeﬁigest Aoeaperopresgntesd abRp ngl,
1 woul o LAmANGR efisterdlireisah Ena medrs SRl hec S B8l Emd 6PN e

tubes (phatsisss RepndS U SledmTBRReR: b PANIleIDrasentad ea the 1oeduce

t ube tal “tenpera ughout its entire length. Summary of the
| nvent i on RECHE SpriageNatiomaleMeetimg,i Newi Odears| Ltasiads, March &d410etR88) f or

heat i fluid that id ' d int | .heat. f
ur face t cieaaEes thebise Al REAPERADPAINEN 4 U ATEALOS 1A ot PIs WBP & U

Fired heat 695% drfn JREIE (o4TBr Iohde cols PEP § 305/7090K Npane @W&?‘S‘ﬁﬂ? U
shaped t ubgge@inggdaethis design , denominated SRT V (Energy Progress Vol. 8, No.
15 3, p. 160-168 , Sept. 1988) have utilized internal extended surface. In both of
the latter cases the commercial use was based on tubes of approximately 2.5
- 3.8 cm (1.0 - 1.5 inch) inside diameter and where the tube section that had
the rounded internal channels or fins made only a single pass through the
furnace radiant section. Another literature reference (“USC Super U Pyrolysis
20 Concept” by David J. Brown, John R. Brewer and Colin P. Bowen presented
at the AIChE Spring National Meeting in Orlando, Florida, March 1990)
presents data on tubes with internal fins on the inlet leg. This reference
speculates that providing fins on the outlet leg would be beneficial, however it
provides no suggestion as to what operating or design parameters would be

25 required to successfully demonstrate or enable the use of fins on the outlet
leg.
However, an extended internal surface design to this time, has not

been shown to be feasible in two pass coils typically made up of U shaped

tubes. These two pass coils are typically 15m - 27m (50 - 90 ft.) in total



WD. 98/ 56872PCT/ US98/ 11902 - 7- therein, an inlet for introduci ng the prﬂoCes'S o
fluid into the U shaped tubes, burners for exposing the external surface of
the U shaped tubes to radiant heat, an outlet for cooling and collecting

the procegg oblsid-d fromthe U shaped tubes, wherein the U shag are
formed by connecting one or nore 5 tubul ar sections; and at lggk;%m{»gz o

outlet leg of the U shaped tubes are provided with internal generally

| ongi tudinal fins. In another enbodinment the entire I ength of the U shaped
tubes are provided with internal gener®l |y |ongitudinal fins. Draw ngs
10These and ot her features, aspects and advantages of the present invention

will b
descri Sﬂ) g%b'gtﬁ %8&%@% 'E tégg’gﬁqeﬁﬁ%ﬁéﬁeiﬁwlémﬁ't(ﬂ%egpz?mnen i onal
draw ng Ofryg gbsaradnsa@éﬂ e fagrme asheinn (AGit)! y Oreaiprotsleam ¢ tieatt thef

I nternal s. ure 2 shows a single U shaped furnace tube. Figure 3 shows a
15 cross sapablbty tofmﬁkamﬂnt&rsaapﬁﬂhﬂﬁ%'@ngmg hotet fermedhe %(%BP'PH i on of

t he !nven | on ese i nvention describ f d heat f
Pg\alglrgg at‘-ia '?ﬁfg:’éﬁt"\qtﬁg A art icularly the i nvg?lt :aonI rg di regctered o

s afire eat er eat| flu
coke a8 a resulAn BrerRKif @a‘ﬁg%{‘igﬁé&'ﬁro ‘?zsﬁs %ﬁdcm’s\lfl B?fsma&rg@?lot? %Q{m "
heati ng. sﬁigﬁg't{]gg%ggod’éé&ﬁ h Peo'sbsef?bgom '\ﬁhl%hsﬂ%ﬂrﬂéﬁfdﬂﬂm furnace

enpl oyed i em ca ry to manufacture ol efins. Referring to
Fig. 1 thetigedr ﬁsfe?&%ﬁlyecm m@ nﬁlétetmlsvtecﬁheoﬁmrm l-mt tbe quilebudrhlsme or

' om abouiretseRos Sispitse bt isensdAast BANSALEN R M BIERs SHEBALY er abl y
o2 R A SR i g0 e L pose e
g 'Esé }\lr 'EQEEE quvlavérh e hejirRt edod eestapineperatires Wcshapedr the ldugeSeR o ;
the advantageous effect of the finned tube is not applied to where it is most
needed. Applying the finned tube to the outlet leg of the coil would be
possible, but it carries the risk that coke pieces from the inlet leg could break
loose and become lodged at the start of the finned section. Finally, the
15 industry conventional wisdom suggested that a bent finned tube section

would be prone to plugging with coke spalled from the inlet leg of the coil.

In light of the known deficiencies in heat transfer in steam cracking
furnaces there is a need for a means to increase the heat transfer in the
inside of the tubes to reduce coking, tube metal temperature and improve

20 ethylene selectivity. Particularly, it would be highly desirable to have a design
for a 2 pass coil or U shaped tubes that uses some means of increased
internal surface area to reduce tube metal temperature throughout its entire

length.

Summary of the Invention

25 The present invention is directed towards a fired heater for heating a
process fluid that provides increased internal heat transfer surface to reduce
tube metal temperatures at the inlet and outlet of a U shaped tube and at the
same time is not prone to plugging from coke. The fired heater comprises a

radiant section enclosure having a plurality of U shaped tubes disposed



WO 98/56872 | PCT/ US98/ 11902 -8- tubes 14 (hereinafter referred to as U

t vbes) which are sifuated inside the radiant section enclosure 16, also
known in the art as the radi ant box—--| The radi ant section enclosure 16
i's, typi cgllyg, %* ed with heat insulating refractory materi alpchf;so8ifsasVve
heat energy. he radi ant section enclosure includes a plurality of U
tubes. The end of the U tubes which are connected to one or nore feed inlet
distributors 12 which introduce the process fluid into the U tubes are
called inlet I egs 20. The opposite endlof each of the U tubes 22 called the

out | et Ieg I's connected to an outl et header 26 for coIIecting t he process

fluid aft I't has. d 10 and the th cr C s have
occurred. ! @nb@rﬂ)érf ﬁfﬁ?r 'ng'P%Pﬁ@gpﬁ'lf“ 5%cqslsuﬁ'tagaibtq ﬁ‘?capﬁq‘ p% <;ao{r%ba but
1300F to F}?rszfgp@'ipb&ﬁ | {he Ekermditdptacecst e Unshabédiébestomatiaate t he
process f Id 1's passed o quench exchanger 27 which cool the process fluid

to stop t heat, e culletcioackpling aadsdllenting the areaassrluidicm teel shapediepi ct ed
Fi 1, th tl ch Ut b d t

i v duatibaseherein iy Sndned uBEs e JbHREd ¥ pah SRR oBREioRe o1 cach

| ndi Vi guah{wsn%cﬁaﬁbaaaerat SeddietheC BOABEI&S! dfOtHRN L0 WHapledhaasiay arduch an

arrangenent 1s know in the art as a close coupled transfer |ine exchanger.
In yet angrividedmithdintenial genetallyilongitudinalFingur &n @noth% meq)@fnﬁﬂééhéf each
U tube is connected to a quench 20 point whereb roces fluid

directly estiradergthwei tha Hushrred |t89‘?%l (ki eeM r"Y' §ntP5D og?n?rl‘?gyprocess
fluid. Fmoﬁ{@d\%ﬁi €S of this invention U tubes are shaped sonewhat |ike
t he Iette en viewed in a two di mensional drawi ng such as Figure 2. A
defi ni ng ggaract eristic is that the U tube nakes effectively 2 passes

t hrough 2 di ant encl osure. The U tubes are conprised of an inlet |eg

eg 200and ¢ he Vihseclnegies. fAliTaenasPERS ANHE AR eSS BI° Fg-Hin be

cmbodi ment B B e R R LB T e e

tube. Therdegeription \exd apyemd!ed clEiinS. SFigkife HlrepreSents a three dimensional
drawing of a steam cracking furnace showing a typical arrangement of
internals. Figure 2 shows a single U shaped furnace tube. Figure 3 shows a

15 cross section of finned U shaped furnace tubes.

Detailed Description of the Invention

The present invention describes a fired heater for heating a process

fluid. More particularly the invention is directed towards a fired heater heating

a process fluid which is prone to forming coke as a result of chemical

20 reactions occurring as a result of the heating. A specific embodiment of the
invention is a steam cracking furnace employed in the petrochemical industry

to manufacture olefins.

Referring to Fig. 1 the feed stream 9 enters the convection section 10,

through one or more inlet lines 9 where it is preheated preferably to a

25 temperature from about 800°F to 1500°F by hot combustion gases which
gases are preferably are at a temperature from about 1500°F to about
2400°F, before it enters the radiant section inlet distributor 12. From the

radiant section inlet distributor 12 the preheated feed enters the U shaped
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REPLACTO -9- ways known in the art of arranging a plurality of U
tubes in a radiant enclosure. Those skilled in the art will consider
spatial arrangenent, location of the burners, |ocation of the inlet header
ang outl o%%@&z"a”d thermal stresses on the U tubes t hensgl VESoghRogs
choosing the arrangenent. In some 5 arrangenents each of the indivi oPuaI- uU.
tubes lies in a single .plane.ln-other—arrangenents the U tubes are bent
out of plane. Al such arrangenents are contenplated as U tubes for the
pur poses of this invention. The -8adi ant section encl osure contains a-
plurality of burners 28 for exposing the external surface of the U shaped

b di " ] ' f ] :
can be us&brdn Aeignellel bEBER §Fah UduBeer HORE b BHRAREURIE ddv.™"
addi ti onale yiaHpgsltiorvéndisdureofs, distekaGwn if e aM!aR!theTabiRmit Bogues to reduce

NO for environnental reasons. The conbustion air source can be from anbi ent

air, preheated.g] . fr S | ne. g;@é t s f the U
tubes is preferﬁ%&%@%%@%?%égé&fﬁ. |arglgje1§‘;gtae‘|hitﬂﬂ?ti'§§€|ttan?g

manuf act urrefrabtery miatérdlltd Yohsenethddtkeergy the desired 20m - 27m (60 - 90
ft) length, two sections mght need to be connected with at |east one

i nterngdi at e wetrd rafarstessetibhehddsur® ideiGdds 8 Tuidityebfediubes. ViERalenar e

known to be a potential source of accel erated coke ‘deposition. In 20 one
pref err ed ofrthed’ tubes which aret eonnedted dé ®@ndeporiore deed snlet distiibwars A2U t ubes

w th one internediate | d at thg hottom of curved portiagn of .th and
arr angi ng WHED LUW?J‘E‘é%e g‘ﬁ’c RTeRRS ﬁ'ﬁ'g WL‘? dhe Y EHP%? & 9%5'8& 'af%tJSPSrdéédi ation
by the adj ' nea i apped
by 1 naul | BB R b e o e g L B e Ty
bent to the araditiest hemgler 26dfoncolidéatingothieoprocéss Aeidlaftertie hasibepneheated

wel | - known col d- bendi ng, or hot-induction bending %echni ues, Whet her
the UlOubeanchihe fharmal tsgcing Meaeions hake ACCHEEE- ¢ [B8EMREERIIB RS 1B ar e

formed in gre.0l fGi8is RHEANROM ABBut ANO0RE th @b8lb2060iM fedvirki Bk outlet

leg of the U tube. From there the process fluid is passed to quench
exchanger 27 which cool the prc;cess fluid to stop the thermal cracking
reactions. In another embodiment, not depicted in Figure 1, the outlet leg of
15 each U tubes is directly connected to an individual quench exchanger to cool
the probess fluid. The outlet from each individual quench exchanger is then
connected to an outlet header. Such an arrangement is know in the art as a
close coupled transfer line exchanger. In yet another embodiment not
depicted in Figure 1, the outiet leg of each U tube is connected to a quench
20 point whereby the process fluid is directly contacted with a quench liquid

which vaporizes to cool the process fluid.

For the purposes of this invention U tubes are shaped somewhat like

the letter “U” when viewed in a two dimensional drawing such as Figure 2. A
defining characteristic is that the U tube makes effectively 2 passes through

25 the radiant enclosure. The U tubes are comprised of an inlet leg 20, an outlet
leg 22, and a curved or bent portion 21 connecting the inlet leg 20 and the
outlet leg 22. In other embodiments the outlet leg can be comprised of one or

more branched portions. In yet other preferred embodiments the inlet leg 20

can be comprised of more than one branched tube. There are a variety of
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-10- U tubes are provide with internal generally |ongitudinal fins. Another
erbodi nent woul d provide the fins on the outlet leg only. In yet another
enbodi ment the fins are provided in the curved portion of the U tube and
the outl I Figure 3 shows a cross sectional view of ovi ded
wWith fi n3%ﬁ§683§t er tube dianmeter 50 is in the range of 1%7654./?%5(? 1?{3 4.5
inch (4.4 cmto 11.4 cm, preferably 2.0 to 3.0 inch (5 cmto 7.6 cn). The
fin height 52 defined as the distance between the bottomof the fin root 54
and the top of the fintip 56 is in th® range of fromabout 0.05 inch to
about 0.4 inch (0.13 cm10 to 1 cm, preferably fromO0.1 inch to 0.25 inch

0. 25 to 0.65 . Ih n f fi t ipside.ci f
Lne- tubosWayST KOAVE. ino 15 arbralr Braneld Somaavo oty ey ifid Bl T oot
the t ubes WaSt KBRS 1 _ _ Hin
(0. 15 cm ECPBYRE ok KB IRE o w B p  Br o Lo o o).

| n one enbpdhetirnere lbcatiorof thé inletiiheadendartd outleb meansisand ghesmall . The

i nside dianeter 62, defined as the distance thrqugh the centerl of the tube
fromfin syesses on;therddubes thﬁmﬁﬁbleﬁdﬁgfre]"%s"?g gpangemss. { 19:3PM8 3. o

inch (3.2 e : r LO i -aPsil 6.4 -

cm, rrér e aﬁ@é@%ﬂ%ﬁf/ﬁc&%ﬁ& 'ﬁﬁ?ﬁ&f% lg'ﬂéﬂ?%(l:l%é’e@ az%hp ?8@%mﬁ%§rﬁ ratio
of the fi mrhgigehterits thed) debel anebent ostcelplang. tAll puckiatearg@mentsared heat
transfer, not have excessive pressure drop _and.al sqQ. not be prone to

pl uggi ng icontereplatetrs U tubesdor theyauposes ShtsaavedioR:- 20, nore preferably

in the range of from0.07 to 0. 14. The generally |ongitudinal fins
may be strai ghtThenradight sectibre drstagure ofontaimsiatplyeality dicburagrs 28h8rogous

h ifli f b . I 25 .1 [ i j
O e T R 6 SdBeiil s k) HEaoR 1L6BILS HAligR nEe ArvgRacent
secti 9 | SdRIbf Blimer dydey RAOWE | VHThBRAr b Bsel itciliiing raegas of prabl y

align at ‘each connection to reduce the |ikelihood of coke particles being
trapped atmixed luipersif Rdvent idesigns Mived adgsionaiCnsedos variet, oEldagass

A t est ducted to determing if .th ted |imiati I d
be. over bonBoraWaleRASaIAHER §o Jedios D ereERtPRLSF FRvreamentd SPBRRES. a be
appl i ed t?ﬂ'@% YomitPtish & qQIergé!ébH%é‘ HERASRADARE a8 préhsred Wit Wfromtgisnal | y

finned U S were rnsta in a quadrant of a comrercial steam cracking
furnace (S@rbipbadxhdustibes). The feedstock furnace was commerci al et hane
(98% et hane) recovered fromnatural gas separation facilities. Thus the

maj orifgy of theTkbtidhfSendtht etHel Unfibes! ienprieferdbls 20y @7m ¢6al- 80 ful ar
cross-section tubes, while one quarter of the tubes had 10, trai %ht
| ongi t udi nSincei ihds atiffiouitiitagnaoufasturentheninterpallyfiinged  wbegdn theqfesiigd

[ ft f f the fi dt. -
convent  onapme1 P45t GO < PRaY-sagty oS aselBFe rBEReF B boblebpf wity
d i be t ' ; idint ' 4 iriterrhediat
qﬁgg; Iante. aﬁ!aédggt@%@%%tg%gy)gﬁgt ?\%ﬁ)tégglgsb\%agwgﬁ%vi ncﬁ.r ,?he ? nsi de

di anet er 1@efds afe khewh to ldeea\padertid) sowcee ofRceelerrted coker deRosition: 0
hei ght 52 was 0. 16

i nch. The fin root, radi us 58 and.the. fin i]. ijus 60
wor & 205 onecpreterred sRbodimet Jais: poteRliel ke ciePhSitiod”is iuifed 368" og
Si nce it | §feh Gt i i Biveddtpdiesn iof thé1e aesi red
65 ft. (Z\Sﬁ%ecg \;é'&gt “edﬂtaeqﬂ%?jﬁﬁe I gtdgttﬁléelrﬂ)ghmarequi re%&_ﬁThi s internedi ate

arranging the U tubes such that the weld is shielded from direct radiation by
the adjacent tubes. In another embodiment the weld area may be wrapped

by insulating material.
25 The internally finned tubes can be successfully bent to the radius

required at the bottom of the U tube using either well-known cold-bending, or

hot-induction bending techniques.

Whether the U tubes are formed by connecting two or more tubular

sections or are formed in one piece, preferably the entire length of the finned



20 weld was placed at the bottom of each of the U tubes, where it was
shielded fromdirect radiation by the adjacent tubes. The fins were aligned
at this connection. The bent portion of the U-coil was not prone to
bl ockageswoasisbgg been suggested by the prior art. No suddgiemogsnyed@ drop
I ncreases were 25 observed during the 12 nonth test program The R
internally finned tube reduced tube netal tenperatures. The test coil

devel oped coke deposits at a much slower rate than the conventi onal
circular cross-section (bare) tubes i0he very same steam cracking
furnace, with the very same feedstock. WO 98/56872PCT/US98/11902 ' -12-

TABLE 1 e di 1 - | ys am AP,
bar s Barrﬂeq?%%v%% i%gr?g{a)g mg‘tes'h{—élrﬁénlegeﬁggée@ng?@yﬁglo.ﬁgg' Ahisthief
embodiment would provide the fins on the outlet leg only. In yet another

embodiment the fins are provided in the curved portion of the U tube and the
outlet leg.

5 Figure 3 shows a cross sectional view of a U tube provided with fins.

The outer tube diameter 50 is in the range of 1.75 inch to 4.5 inch (4.4 cm to

11.4 cm), preferably 2.0 to 3.0 inch (5 cm to 7.6 cm). The fin height 52

defined as the distance between the bottom of the fin root 54 and the top of

the fin tip 56 is in the range of from about 0.05 inch to about 0.4 inch (0.13 cm

10 to 1 cm), preferably from 0.1 inch to 0.25 inch (0.25 cm to 0.65 cm). The

number of fins around the inside circumference of the tubes is from 8 to 24,

preferably from 10 to 18. The radius of fin root 58 and fin tip 60 is in the

range of from about 0.05 to about 0.45 inch (0.13 cm to 1.2 cm), preferably

0.1 inch to 0.2 inch (0.25 cm to 0.5 cm). In one embodiment the fin root

15 radius and fin tip radius are equal. The inside diameter 62, defined as the

distance through the center of the tube from fin root to fin root is in the range

of from about 1.25 inch to 3.0 inch (3.2 cm to 7.6 cm), preferably from 1.5 to

2.5 inch (3.8 cm to 6.4 cm), more preferably from 2.0 inch to 2.5 inch (5 cm to

6.4 cm). The ratio of the fin height to inside diameter necessary to provide

20 improved heat transfer, not have excessive pressure drop and aiso not be

“prone to plugging is preferably in the range of from 0.05 to 0.20, more
preferably in the range of from 0.07 to 0.14.

The generally longitudinal fins may be straight throughout the iength of
the U tube or helical, analogous to the rifling of a gun barrel. The latter

25 longitudinal fin arrangement is also referred to as spiral longitudinal fins.

Where more than one section is required, to form the U shaped tube,
the fins are preferably aligned at each connection to reduce the likelihood of

coke particles being trapped at the edge of the fins.



3.200.43 0.36 4.5 0.52 0.38 8 0.75 0.38 11 0.83 0.38 15 0.90 0.40 2i Z'I'.'.P'48

v ‘WO0.98/56872 PCT/US98/11902
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Examples

A test program was conducted to determine if the expected limitations
could be overcome, and the advantages of increased internal surface area

could be applied to a U tube steam cracking furnace design.

5 Twenty-two internally finned U tubes were installed in a quadrant of a
commercial steam cracking furnace (88 total U tubes). The feedstock furnace
was commercial ethane (98% ethane) recovered from natural gas separation
facilities. Thus the majority of the U tubes in the furnace rerﬁained as
conventional circular cross-section tubes, while one quarter of the tubes had

10  straight longitudinal fins according to the invention. This provided a direct
comparison of the performance of the finned tubes compared to the
conventional circular cross-section (bare) tubes. Figure 3 can be used to
describe the fin arrangement of the U tubes in the finned tube test quadrant.
The outside diameter 50 of the U tubes was 2.75 inch. The inside diameter

15 62 of the U tube was 2.0 inch. There were 12 fins. The fin height 52 was
0.16 inch. The fin root radius 58 and the fin tip radius 60 were both 0.16 inch.
The ratio of fin height to inside diameter was 0.08.

Since it was difficult to make the internally finned tubes in the desired
65 ft. (20 m) length one intermediate weld was required. This intermediate
20 weld was placed at the bottom of each of the U tubes, where it was shielded

from direct radiation by the adjacent tubes. The fins were aligned at this

connection.

The bent portion of the U-coil was not prone to blockages, as has been

suggested by the prior art. No sudden pressure drop increases were

25 observed during the 12 month test program.

The internally finned tube reduced tube metal temperatures. The test
coil developed coke deposits at a much slower rate than the conventional
circular cross-section (bare) tubes in the very same steam cracking furnace,

with the very same feedstock.



Table 1 shows the pressure drop for the U shaped coils as a function-of
days since onstream that is days since the | ast decoke. The higher the
pressure drop, the greater the coke thickness that has forned. The table 5
cqnparesn$¥ﬁ’2§#§ (conventional) tubes with the finned tubgg.p 3

seen fro 8 a the pressure drop increased S|gn|f|cantly nore urlng
the course of the run for the bare tubes versus the finned tubes,

i ndicating greater coke thickness in the bare tubes. Also the significantly
| ower pressure drop for the finned tubls clearly indicates that no plugging

occurred during 10the run. I.._ TH' S SHVIT REPLACED Z.7..,KIST.M NO -13-
TABLE 2 Tube Metal Tenperature Daiégﬁgr eam Tube Metal Tenperature, C
Bare (Conventional) Tubes Finned Tu 1016

Pressure Drop
(Radiant inlet - Radiant outlet)

Days Onstream AP, bars
Bare (Conventional) Tubes Finned Tubes

0.5 0.28 0.28
25 0.43 0.36
4.5 0.52 0.38

8 0.75 0.38

11 0.83 0.38

15 0.90 0.40

21 1.48 0.50

Table 1 shows the pressure drop for the U shaped coils as a function
of days since onstream, that is days since the last decoke. The higher the
pressure drop, the greater the coke thickness that has formed. The table

5 compares the bare (conventional) tubes with the finned tubes. As can be
seen from the data the pressure drop increased significantly more during the
course of the run for the bare tubes versus the finned tubes, indicating
greater coke thickness in the bare tubes. Also the significantly lower pressure
drop for the finned tubes clearly indicates that no plugging occurred during

10 therun.

RcPL"‘a i
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1004 2.5 1031 1003 4.5 1037 1007 8 1048 1016 11 1050 1022 15 1041 10-1.8.:-2'1
1056 1028

' WO 98/56872 PCT/US98/11902
-13-
TABLE 2
Tube Metal Temperature
Days Onstream Tube Metal Temperature, °C
Bare (Conventional) Tubes Finned Tubes
0.5 1016 1004
2.5 1031 1003
4.5 1037 1007
8 1048 - 1016
11 1050 1022
15 1041 1018
21 1056 1028
Average 1040 1014

Table 2 shows the maximum tube metal temperature measured with an

infrared pyrometer again as a function of the days onstream. As described

5 earlier it is critically important to reduce the maximum tube metal temperature.
Tube metal temperatures were significantly lower during the entire course of

the run for the finned tubes versus the conventional (bare) tubes, averaging

about 26 degrees C (47 degrees F) lower.

Additionally the internally finned tubes required much less time than the
10  conventional circular cross-section tubes for decoking. For ethane cracking the
conventional (bare) tubes required a range of 8 - 10 hours for decoking but the

finned tubes required a range of 4 - 5 hours.

Without wishing to be limited to a specific theory of operation, it

appears that the finned U tubes configured as described by this invention

15 provide for fracture zones in the coke layer at the location of each of the fins,
such that small pieces of coke are especially prone to spall off or break away

from the inside of the tube during the decoking process. This has two

extremely important and unexpected effects compared to conventional bare



Average 1040 1014 Tabl e 2 shows the maxi num tube netal terrperaf'i]re
nmefasured with an infrared pyroneter again as a function of the days
onstream As described 5 earlier it is critically inmportant to reduce the

mexi mum e aebal tenperature. Tube nmetal tenperatures wepergkginibscant |y
| ower during the entire course of the run for the finned tubes versus the -
conventional (bare) tubes, averagi ng about 26 degrees C (47 degrees F)

| ower. Additionally the internally finned tubes required nuch less tine
than the 10 conventional circul ar crod4=section tubes for decoki ng. For

et hane cracking the conventional (bare) tubes required a range of 8 - 10

hours for old. b | ! Sy i rs.
W t hout ngg'n?"{%gybgw%in% {er{(?r?%g%%@%??:ﬁl C taﬁgg?és g]@?eér?ﬁ??g}!?w!?@appear S
that the therageshdé talbesptointsd gult peoductivesoperatidn soanier sthusveroviding E6

provide for fracture zones in_the coke layer at th I&g’hazi og_‘of each of the
fins, sucsignifigentsgapnopicbeneht to dhe opesaspe F%‘ﬂ”l’@yp racHrE 2% f or

break a fr . | nStdes: t ' t i fot Thi s
has two € PE?@%R§$®?@§?9%H UEHFegglgecﬁgg‘%’e\@?gﬁg%a%rpf%n%nt i onal
bare 5 14 plubesr block Thé tubés, ewrdreseibtheciyemdll dianpetec dstses akthe &sktaine

thereby allowng the furnace to be put into ful| productijye eratipn
sooner, tRdsinshowdngenand eyegnihe bant oesUHEH §3<E§9’ibpf)ﬂ‘€i Ut FI%%SB@?% r.

Secondl vy, ﬁhe fracture zones favor formng only relatively small coke
particl est,” rch have been found not 5 to plug or block the tubes, even

bent. or cur veqASBISTERR BleandoapeTping g Wil ayeall TR U tugesn the
according to the invention is such that the coke layer buildup is not excessive,
10 in order to favor the spalling of small particles of coke. Preferably the
average coke thickness should not exceed about 1.5 times the fin height.
The coke thickness in an operating pyrolysis furnace can be estimated by one
skilled in the art from operating data on the furnace and knowledge of the
crackiﬁg characteristics of the feedstock. The coke thickness is calculated
15 based on measured tube metal temperature profiles, measured pressure drop
for the tubes inside the radiant enclosure, the known or measured density and
thermal conductivity of the coke. One skilled in the art can use the above
measured parameters in well known fluid flow and heat transfer equations to
estimate the coke thickness in an operating furnace and schedule decoking

20 operations accordingly.

Although the present invention has been described in considerable
detail with reference to certain preferred embodiments, other embodiments
are possible. Therefore, the spirit and scope of the invention should not be

limited to the description of the preferred embodiments contained herein.

a\
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A preferred neans of operating a furnace with internally finned U tubes
according to the invention is such that the coke |ayer buildup is not
excessive, 10 in order to favor the spalling of small particles of coke.
Pref er abl yolddRegyer age coke thickness shoul d not exceed aboptT/Asss/fberes t he
fin height._The coke. thickness in an operating pyrolysis furnace can be
esti mat ed lpmsoggg_ggkh,l:.‘gqqmd the art fromoperating data on the furnace and
know edgej of thgpghgeki ng characteristjcs of the feedstock. The coke
t hi ckness#—&—ei[ﬁlg?jéd-ééjbased on nea¥ured tube netal tenperatyure
profiles, nmeasured pressure drop for the tubes inside the radi ant
encl osure,c!tgmgnown or neasured density and thermal conductivity of the
coke. One f din the art can use the above neasured. parameters in well
known fl ui\& flaw.and heat transfer equations to estimate the coke thickness
in an oper f"i%ﬂ"*’ur nace and schedul e decoki ng 20operati ons accordingly.
Al t hough the present inventjon has bee .aescri bed i n considerabl e detail
wi th referknce A §eatgrfar e {"ég @rﬂ’@ﬂe%snﬁ'ﬂ GRSt her enbodi ments are
possi bl e. Therefore, the SPi rit and scope of the inv&nti on shciuI?g. nof be
limted to the descr@padignt enclopureymenps haying.Aisapsed tRerei aRHEthat i n.
CLAIMS W claim 1. A heatgr i : cess fluid conprising:

o, bt i, Qg

a radi &nt encl osure means g rein a plurality of 5two pass
tubes conprising: (a) at |east one jnlet |l i.n 1 ow communi i with (b)
at | east one outlet |eg aff} (cft 'e?aéLPU%H"Fﬁ%QI B O%ﬁﬂ@r'?"g?'cﬁtﬁcgr\g/i”ﬁﬁng f1 ow
comuni cation between the inlet |eg and outlet |eg 10wherein each outl et
leg is provided with intefNal gtleashpne qulighlaa@i%al fins; a neans for
introducing the process fluid into the inlet |leg; a neans for exposing the

external surface of the tyg) pass curved ttubui@st :means &er | providings flaw

cooling and collecting the pro%%r%sm&rlmigé |or]; 8{uéé]r?the inlet leg and outlet leg

10 wherein each outlet leg is provided with internal generally longitudinal

fins;
a means for introducing the process fluid into the inlet leg;

a means for exposing the external surface of the two pass tubes to

heat;
15 an outlet means for cooling and collecting the process fluid from the
outlet leg.
2. A heater in claim 1 wherein the inlet leg is provided with internal

generally longitudinal fins.

20

3. A heater in claim 1 wherein the curved tubular means for providing flow
communication between the inlet leg and the outlet leg is provided with

internal generally longitudinal fins.




‘outlet leg. 2. A heater in claim i'v\/herei nthe inlet leg is provi ded W|th 0
i Mternal generally-tongitudinal fins. .20 3. A heater in claim1l wherein the
curved tubul ar means for providing flow comunication between the inlet |eg

and the qublgkedreg is provided with internal generally | ongidragkesatsoki ns.
-16- 4. A heater in claim2 wherein the curved tubular neans for providing -
fl ow communi cati on between the inlet leg and the outlet leg is provided
with internal generally longitudinal fins. 5 5. A heater for heating a
process fluid conprising: a radiant setfi on encl osure neans havi ng a
plurality of U tubes disposed therein, an inlet neans for introducing the

process fluid | i d tubulardn8BR& forl GovidirRPAdWY the
ext er nal g’Urfa(f{;ﬁ%?{e?ﬁe%ﬁrtl%@?e{%nltg?gglrvfnt l'Ihgat, an outlrse}t means for

cool i ng and colcoamhunigatibe betwees thé inletiefrand thecouttdt legés pravidesswithher ei n
the length of the U tubes are provided with internal generally |ongitudinal

fins. 15 6. A piniesra) geserabniongitudinal BRs.ol ef i ns conpri si ng: preheating a
hydr ocar bon feedst ock, -

5 6. A heater for heating a process fluid comprising:

a radiant section enclosure means having a plurality of U tubes

disposed therein,
an inlet means for introducing the process fluid into the U tubes,

a means for exposing the external surface of the U tubes to
10 radiant heat,

an outlet means for cooling and collecting the process fluid from
each of the U tubes,

wherein the length of the U tubes are provided with internal generally

longitudinal fins.
15
6. A process for manufacture of olefins comprising:
preheating a hydrocarbon feedstock,

introducing the preheated feedstock into a plurality of radiant

coils,

20 heating the radiant coils by a plurality of burners to cause the

hydrocarbon feedstock to thermally crack,

collecting the cracked hydrocarbon feedstock from the radiant

coil,
cooling the cracked hydrocarbons feedstock,

25 recovering at least one olefin from the cracked hydrocarbon

- feedstock, -
THIS SHETT M.5 GEE - e

REPLACZD

“




i ntroduci ng the preheated feedstockinto a plurality of radiant- coi

20heating the radiant coils by a plurjality of burners to cause the
hydr ocarbon feedstock to thermally crack, collecting the cracked
hydr ocakh®ssdeesist ock fromthe radiant coil, cooling the @CANSEY1IN
hydr ocar bons feedstock, 25recoveri-ng-at |east one olefin fromthe cracked
hydrocar b 3t 0GKy rkpTRI 1S NET REPLACED i WD 98/ 56872PCT/ US98/ 1191.
TH S W T1byiggr 3HE= g‘.jj—‘n -17- wherein eaﬁ of the radiant coils conprise: (a)
at least bne i@ "F'eg in flow communlCation with (b) at |east one outlet
| eg and (&—ea-cturved tubul ar means for providing fl ow 5conmunicati on

bet ween the i mr?érelrp%&pﬁf Gl fadiartedilveentirisecach outlet leg is provided
with internal generally longitudinal fins. 7. The process in claim®é

wherein the inlet |eg isaprovifedstbidiniériggifiow communication with

(b) atleast one outlet leg and

(c) a curved tubular means for providing flow

5 communication between the inlet leg and outlet leg

wherein each outlet leg is provided with internal generally longitudinal

fins.
7. The process in claim 6 wherein the inlet leg is provided with internal
10 generally longitudinal fins.
8. The process in claim 6 wherein the curved tubular means for providing

flow communication between the inlet leg and the outlet leg is provided
with internal generally longitudinal fins.
15

9. The process in claim 7 wherein the curved tubular means for providing
flow communication between the inlet leg and the outlet leg is provided

with internal generally longitudinal fins.

20 10. A process for manufacture of olefins comprising:

preheating a hydrocarbon feedstock,
introducing the preheated feedstock into a plurality of radiant
coils,

heating the radiant coils by a plurality of burners to cause the

25 hydrocarbon feedstock_tq _tlr}erAr_na_lly crack,



10general 'y longitudinal fins. 8. The process in claim®6 wherein the curved
t vbul ar neans for providing flow comiuni cati on between the inlet |eg and
the outlet leg is provided with internal generally longitudinal fins. 15 9.
The proceaggogMesabai m 7 wherein the curved tubul ar nmeans foreqarosgsdiasog f-l ow
comruni cation between . the inlet .leg and the outlet leg is provided with - .
i nternal generally |ongitudinal fins. 2010. A process for nmanufacture of

ol efins conprising: preheating a hydrocé';\r bon feedstock, introducing the
preheated feedstock into a plurality otér adi ant coi S,

heating the radiant coils by a plurality of burners to cause the

25hydr.ocar bon feeds firty the'hEéked RYafdoarbort Feedstbbi FEdrdhehradidritcked
hydr ocar bon feedst Oé%ﬂ%?ol?% t he radi ant S(coi |, cooling the cracked

hydr ocar bon feedst ock, coil, recovering at |east one olefin from
t he cracked hydrocarbon 5feedstock, decoking radiant coil of coke

accunul at ed therei n gléfing@hé keadked idrocamo fegdstoek) i ons, wherein the
radiant coils conprise an inlet leg and an outlet | eg connected to forma U

shape, and are provi ; ' kloyn ¥Re! ragkéd hytitbcarbaes and
wherein the radiant rggngéwJ{ed;cﬂnggrgg?ggge,@ngergun bgfore t he y?ﬁi?:kness of

t he coke accumul at ed t herfeedsteckeeds a t hi ckness sufficient to cause |arge
coke particles to spall off the tube surface and plug downstream sections
of the radiant coil dhddkiy rhgiafeeeli slocekemccumulated therein due to the

thermal cracking reactions,

wherein the radiant coils comprise an inlet leg and an outlet leg
conn.ected to form a U shape, and are provided with internal generally
10 longitudinal fins and wherein the radiant coil decoke process is begun
before the thickness of the coke accumulated therein exceeds a
thickness sufficient to cause large coke particles to spall off the tube
surface and plug downstream sections of the radiant coil during the

decoking step.
15

11.  The process in claim 10 wherein the decoke process is begun before
the average coke thickness exceeds about 1.5 times the height of the

fins.

20 12. In a fired heater for heating a process fluid in which a radiant section
enclosure with a plurality of U tubes disposed therein which includes
an inlet header for introducing the process fluid into the U tubes, and
which includes a plurality of burners for exposing the external surface
of the U tubes to radiant heat, in which the improvement comprises

25 providing the entire length of the U tubes with internal generally

longitudinal fins.
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15 11. The process__ |ﬂ_cla|n110 mhereln the decoke process | s begu.:
tite average coke thickness exceeds about 1.5 tinmes the height of the fi
2012.1n a fired heater for heating a process fluid in which a radiant
sectionvamod/gsmr e With a plurality of U tubes di sposed t h&d IS Rkch
includes an inlet header -for introducing the process fluid into the U
tubes, and which includes a plurality of burners for exposing the external
surface of the U tubes to radiant heay, in which the inprovenent conprise
25providing the entire length of the U tubes with internal generally

| ongi tudinal fins. 1 TH'S SHEET H,-,3 CEE | REPLACED

7-1 . F7, gl 9. X Hatéi h lariy of wh&i precedinge claims: whersiiD the/ 8 dubepasidesos/ 11

-19- 13. A heater in any of the recedln Q)ﬁ]ms wherein the U tube inside
di aneter is fdiameieoistfrgnabaut bi‘glﬁ CM-4. A heater in any of the

preceding clains wherein the U tube I nside 5dianeter is from3.8 cmto 6.4
cm 15. A heater in any of the preceding clains wherein the U tube inside
dianeter is from5 cmto 6.4 cm 10 16. A heater in any of the, preceding

clai ms whgrei g hbstey ihubsy visthe prsceding cltisnsewberein the U tube inside
5 diameter is from 3.8 cm to 6.4 cm.

15. A heater in any of the preceding claims wherein the U tube inside

diameter is from 5 cm to 6.4 cm.

10 16. A heater in any of the preceding claims wherein the U tube has a

constant diameter.

17. A heater in any of the preceding claims wherein the U tubes are
provided with 8 to 24 generally longitudinal fins spaced around the

15 inside circumference of the U tubes.

18. A heater in claims 1 through 16 wherein the U tubes are provided with
10 to 18 generally longitudinal fins spaced around the inside

circumference of the U tubes.

20
19. A heater in any of the preceding claims wherein the U tubes are
formed by connecting two or more tubular sections.
20. A heater in claim 19 wherein the fins are essentially aligned at each
25 connection.
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17. A heater in any of the preceding clains wherein the U tubes are
preovided with 8 to 24-general |y tongitudinal fins spaced around the inside
circunference of the U tubes. 18. A heater in clainms 1 through 16 wherein
the U tubwe sares7provided with 10 to 18 igeneral l'y | ongit udi rRET/P$8L1¥Paced
around the inside circunference of the U tubes. 19. A heater in any of the
preceding clainms wherein the U fubes are formed by connecting two or nore
tubul ar sections. 20. A heater in claiyg 19 wherein the fins are essentially
aligned at each 25connection. THI'S SMEET 1-1:-.S EEEL1 REPLACED -20- 21.°
A heater in any of the preceding clainms wherein Utube is formed from two
tubul ar seqt i opsheadr i anp@fahe preesding widinswehelieiny U tubet isdotroed fom

sections together and wherein the weld is substantiall i eld
di rect radi ant thedubulgr sectigns and érs"i‘gie(ﬂoé‘i"ﬁp;‘i" &Méﬁ%ﬁ%gﬁtﬁlﬁwﬁgﬁg{ﬁm

of the precedi ngeapar SESGEE Py Vet Mt W s BBty SHHOER IR Dpee”
is from about }redt tsdiaRneat2?7 m

5
22. A heater in claim 21 wherein the single connection is made at
essentially the bottom of the U.
23. A heater in any of the preceding claims wherein the total length of each
10 of the U tubes is from about 13 m to about 27 m.

24. A heater in any of the preceding claims wherein the total length of each

of the U tubes is from about 15 m to about 27 m.

15 25. A heater in any of the preceding claims where the ratio of fin height to

inside diameter is in the range of from 0.05 to 0.20.

26. A heater in any of the preceding claims where the ratio of fin height to

inside diameter is in the range of from 0.07 to 0.14.

20
27. A heater in any of the preceding claims wherein the internal generally
longitudinal fins have a fin height of 0.13 cm to 1 cm.
28. A heater in any of the preceding claims wherein the internal generally
25 longitudinal fins have a fin tip radius in the range of 0.13 cm to

0.65 cm.
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24. A heater in any of the precedlng clalns mhereln the tota engt

each of the U tubes is fromabout .15 mto about 27 m 15 25. A heater in any
of the preceding clalns where the ratio of fin height to inside dianeter is
in the rawygeg,ga‘gﬁrom 0.05 to 0.20. 26.A heater in any of tpeTSIsRLioRY

T

the internal general |y Iongl t udi nal 235 have a fin height of 0.13 cmto 1
cm 28. A heater in any of the preced“t§ clains wherein the internal
general ly 25l ongitudinal fins have a fin tip radius in the range of 0.13 cm
to 0.65 c5y THAS el In En?cﬁthéFérécédlﬁépélmh@&ﬁ&hﬁﬁﬁféimgéwaw1902
-21- 29. A heater in any of the preceding clains wherein the internal
general | y | ongldngitudidal finshavavan easmtalmecmal yadiys dor thedinigoagt@nd i fin
root and fin tlg THI'S SHEET 1i1iS r31-:-.E -1 REPLACED

tip.
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